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6 1.36 (3 H, t), 2.23 (3 H, a), 2.44 (3 H, d, J = 2.6 Hz), 4.35 (2 H, 

Hz, CF), 163.19 (d, Jcs = 30.2, COO), 168.86 (a, Cod), 197.68 
(d, Jcp = 30.7 Hz, CO). 3-Chloro-3-fluoro-2,4-pentanedione 
(5c) was prepared starting from 4c; reaction time 2 h; eluting 
system for flash chromatography n-hexane/CHzClz, 8515; yield 
95%, 'H NMR 6 2.48 (d, J = 2.7 Hz); 'BF NMR 6 -126.2 (septet, 

CF), 197.48 (d, Jcs = 27.0 Hz, CO); IR (film) 2925,1738 (CO) 
cm-'; MS (CI) m / e  153 and 155 (M+ + 1). 1,3-Dimethyl-5,5- 
difluorobarbituric acid (5e) was prepared starting from 1,3- 
dimethylbarbituric acid (4e) and 2.2 equiv of 1; acetonitrile was 
used as reaction solvent; reaction time 6 h; eluting system for flash 
chromatography n-hexanelethyl acetate 7:3; yield 95%; mp 

9); 'gF NMR 6 -122.8 (d, J 
20.36 (CH,), 25.00 (CH,), 64.40 (CHzO), 102.14 (d, J c  

2.5 Hz); 'Bc NMR 6 13.83 (CH,), 
251.8 

J 2.7 Hz); '9C NMR 6 24.95 (CH,), 102.84 (d, Jcp 269.6 Hz, 

125-127 "C; 'H NMR 6 3.40 (a); 'H NMR (CDSCN) 6 3.26 (t, J 
= 0.5 Hz); 'BF NMR 6 -108.7; '9C NMR (CDSCN) 6 29.64 (CH,), 
99.61 (t, J c s  = 245.5 Hz, CFZ), 150.35 (NCON), 160.97 (t, J c r  
= 27.8 Hz, COCFJ; IR (Nujol) 1687 (CO), 1448,1304 cm-'; MS 
(EI) m / e  192 (M+), 176,135, 107,78. 

Ethyl 3-fluoro-3-methyl-2-oxobutanoate (7a) was prepared 
starting from 6a; reaction time 27 h; eluting system for flash 
chromatography n-hexanelethyl ether, 64; yield 95%; 'H NMR 
6 1.39 (3 H, t), 1.64 (6 H, d, J = 21.6 Hz), 4.41 (2 H, 9); '9 NMR 
6 -151.4 (septet, J = 21.3 Hz) ('9 NMR 6 -152.0 (septet, J = 21.3 
Hz, ref 13)); '9c NMR 6 13.87 (CHJ, 24.14 (d, Jcp = 24.1 Hz, CHJ, 
64.00 (CHZO), 97.85 (d, Jcp = 177.9 Hz, CF), 164.08 (COO), 196.82 

(d, Jcr = 35.3 Hz, CO), MS (CI) m / e  163 (M+ + l), 143. 3- 
Fluoro-3-methyl-2-oxopentanoic acid (7b) was prepared 
starting from 6 b  CHCl, saturated with H80,  was used 88 reaction 
solvent; reaction time 24 h; eluting system for flash chromatog- 
raphy CHzClz/ethyl acetate/acetic acid, 5&50:0.5; yield 95%; 'H 
NMR 6 0.98 (3 H, t), 1.65 (3 H, d, J = 21.8 Hz), 1.9-2.2 (2 H, m); 
'BF NMR 6 -160.1 (sextet, J = 21.5 Hz); '9C NMR 6 7.05 (CHJ, 

CO); I$ (film) 3300-2500 (COOH), 1748,1193 cm-'; MS (E11 m / e  
148 (M+), 128,121,75. 3-Fluoro-2-oxobutanoic acid (7c) was 
prepared starting from 6c; reaction time 18 h; eluting system for 
flash chromatography CHzClz/ethyl acetate/acetic acid, 5Of&O.:o.5; 
yield 95%; lH NMR (DzO) 6 1.36 (3 H, dd, J=  6.3,25.5 Hz, CHJ, 

21.86 (d, J c r  = 23.2 Hz, CHJ, 30.39 (d, Jcp = 22.5 Hz, CHJ, 99-95 
(d, J c  = 182.0 Hz, CF), 163.5 (COOH), 195.5 (d, Jcp = 32.9 Hz, 

4.86 (1 H, dq, J = 6.3,46.7 Hz, CHF); 'BF NMR (DzO) b -186.2 
(dq, J = 25.6, 47.6 Hz); "C NMR (DzO) 6 12.74 (d, Jcp = 21.6 
Hz, CHd, 90.97 (d, J c  = 172.7 Hz, CF), 92.90 (d, Jcp = 23.4 Hz, 
OCO of the hydratetketone), 171.92 (COOH). 
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A efficient process for the commercial preparation of the therapeutically important cholesterol lowering drug 
synvinolin (2: simvastatin, ZOCOR) from mevinolin (1: lovastatin, MEVACOR) is reported. The synthesis reliea 
upon deactivation of the &lactone carbonyl toward enolization via conversion to the bis[(tert-butyldimenyl)o~] 
butylamide 7. An extremely high conversion (99.7%) ester enolate alkylation of 7 affords 8 and 9. Subsequent 
desilylation and intramolecularly assisted basic amide hydrolysis in the presence of the dimethylbutyrate ester 
moiety yields 12, which is lactonized to 2. The overall yield from 1 to 2 is 86%. 

Introduction 
The naturally occurring fungal metabolite mevinolin (1: 

lovastatin, MEVACOR)'e2 and the more active semisyn- 
thetic derivative3 synvinolin (2: simvastatin, ZOCOR)3b 
are pharmacologically useful compounds for the lowering 
of serum cholesterol levels.' Although several methods 

(1) (a) Alberta, A W.; Chen, J.; Kuron, G.; Hunt, V.; Huff, J.; Hoffman, 
C.; Rothrock, J.; Lopez, M.; Joshua, H.; Harrt, E.; Patchett, A,; Mona- 
han, R.; Currie, 5.; Stapley, E.; Albers-Schonberg, 0.; Hemens, 0.; k inhfield, J.; Hoogateen, K.; Licrrch, J.; Springer, J. Roc. Natl. Acad. 

Sci. U.S.A. 1980, 77, 3967. (b) Endo, A. J. Antibiot. 1979, 32, 862. 
(2) Mevinolii total rynthwb: (a) Hirame, M.; Iwarhita, M. Tetrahe- 

dron Lett. lSBt),24,1811. (b) Cliw, D. L. J.; Keabnva Murthy, K. S.; Wee, 
A. G. H.; Prmd, J. S.; dnSilva, 0. V. J.; Majeweki, M.; Anderson, P. C.; 
Haugen, R. D.; Hwne, L. D. J. Am. Chem. SOC. 1988, 210, 6914. (c) 
Wovkulich, P. M.; Tang, P. C.; Chadha, N. K.; Batchco, A. D.; Barrth, 
J. C.; Urkokovic, M. R. J.  Am. Chem. Soc. 1989,111,2698. (d) For a 
review on the rynthesh of Mevinic acids, see: h e n ,  T.; Heathcock, C. 
H. Tetrahedron 1988,42,4909. 
(3) Mevinolii semisynthetic derivatives: (a) Kuo, C. H.; Patchett, A. 

A.; Wendler, N. L. J. Org. Chem. l983,48, 1991. (b) Hoffman, W. F.; 
Alberta, A. W.; Anderson, P. S.; Chen, J. S.; Smith, R. L.; Willard, A. K. 
J. Med. Chm. 1988,28849. (c) Stokkrr, 0. E.; Rooney, C. 9.; Wiggins, 
J. M.; Hirshfield, J. J. Org. Chem. 1986,61,4931. (d) Decamp, A. E.; 
Verhoeven, T. R.; Shinkai, I. J.  Org. Chem. 1989,64, 3207. 
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are available for conversion of 1 to 2, all are complicated 
by the inability to remove even trace amounts of 1 from 

Mevindin (Lovastatin, MEVACOR@) 

(4) (a) Dawber, T. R. The Freminghom Study; Huvard University 
Prea~: Cambridge, MA, 1980. (b) Endo, A. J.  Med. Chem. NU, 28,401. 
(c) The Lovastatin Study Group 11. J.  Am. Med. Assoc. 1988,256,2829. 
(d) Tobert, J. A.; Bell, 0. D.; Birtwell, J.; James, I.; Kukovetz, W. R.; 
Pryor, J. 5.; Buntinx, A,; Holmes, I. B.; Chao, Y.-S.; Bo1 o, J. A. J. 
Clin. Inuest. 1982,69,913. (e )  Grundy, 9. M. J. Am. Me?*SSOc. 1986, 
266,2849. (0 Mabuchi, H.; Sakai, T.; Sakai, Y.; Yoshimura, A,; Watan- 
abe, A; W h u g i ,  T.; Koimmi, J.; Takeda, R J. Mod. lW, 908,609. (e) 
Yamamoto, A,; Sudo, H.; Endo, A. Atherosclerosis 1980, 36, 259. (e) 
Endo, A. J.  Antibiot. 1980, 33, 334. 
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Scheme I 

1 3 (63%frm 1) 2 (76%, 48% from 1) 

1-6 R = H  --J =I, 8 R = H  
7 R=TBS imidazole 0 R-CH, 

2 by fractional crystallization? Thus, any practical 
large-scale procesa for preparing 2 must effectively reduce 
residual amounts of 1 to very low levels (<0.5%). Com- 
pound 2 has been prepared from 1 via a straightforward 
five-step process of (1) exhaustive saponification; (2) re- 
lactonization to afford 3; (3) selective silylation; (4) re- 
acylation; and (5 )  desilylation (Scheme I). However, the 
overall yield from 1 to 2 by this method is only 48%, due 
in part to the very hindered nature of the axial 2(S)- 
methylbutyrate side chain.6 

In this paper, we report chemistry that forms the 
foundation for a commercially important process for the 
preparation of 2 from 1. This chemistry is highlighted by 
an extremely high conversion ester enolate alkylation and 
an unusual basic amide hydrolysis in the presence of an 
ester function. 

Results and Discussion 
To circumvent the problematic deacylation/reacylation 

sequence, approaches involving enolization/methylation 
of the 2(S)-methylbutyrate side chain were examined. 
Deactivation of the 6-lactone carbonyl was necessary for 
the success of this approach, since the lactone moiety was 
more reactive, due to its greater acidity' (eq 1). Prelim- 

HO&O 

1 
eq.1 

inary results were obtained on the protected carboxylic 

(6) Melting pointa (deck mevinolin (1) mp 174.6 O C ;  synvinolin (2) mp 
139.6 OC. Rqwat8d recryotdlization of mixturw of 1 and 2 results in 
enrichment of 1 impective of the relative amounts in the starting 
mixture. 

(6) Willard, A. K.; Smith, R. L. J.  Labelled Compd. Radiopharm. 
1982, 19, 337. 

(7) Wikrg, K. B.; Laidig, K. E. J.  Am. Chem. SOC. 1988,110, 1872. 

1000 
2 10 R =  H c) NH40H 12 - 

11 R=CHj ( 4 J - 4 3 )  

(91%lrm 1) (94%) 

acid 48 with lithium pyrrolidide as the base for enolization? 
Inspection of the crude 'H NMR spectrum after methyl- 
ation with excess methyl iodide revealed the presence of 
new olefinic resonances attributed to the unsaturated acids 
5. This implied that further deprotonation of the inter- 
mediate lithium carboxylate-ester enolate was occurring, 
resulting in elimination of the silyloxy group. Interestingly, 
it has been reported that the effective pKa of lithium 
carboxylates in THF is only a few units higher than that 
of the corresponding esters.1° 

H 

TBsoI/\COOH A C O O H  

4 5 

Attention was next turned to the protected butyl amide 
derivative 7 as a more desirable intermediate in the me- 
thylation step (Scheme 11). I t  was speculated that the 
lithium imidate form of 7 would be less prone toward 
elimination of the silyloxy group with excess base than the 
corresponding lithium carboxylate derived from 4 due to 
the high second pKa of the lithium imidate. I t  was hoped 
that hydrolysis of the amide moiety after methylation 
would be faster than saponification of the hindered ester 
side chain, due to the possibility of intramolecular hydroxyl 
group participation during hydrolysis. 

Treatment of 1 with butylamine at  the reflux point (80 
"C) followed by removal of the excess butylamine at  re- 

(8) Acid 4 wan prepared from 1 via saponification with 6 N KOH in 
THF (1.0 equiv, 0 "C) followed by azeotropic distillation to remove water 
and treatment with excem TBSCl/imidazole in DMF followed by 
quenching with aqueoue methanol to effect silyl ester cleavage. 

(9) After a brief screening of banes for the enolization/methylation 
step, it wan determined that lithium pyrrolidide gave higher convemionn 
than LDA or lithium hexamethylduilazide. This I mat likely due to the 
steric requirements for deprotonation of the hindered P(S)-methyl- 
butyrate ester. 

(10) Gronert, S.; Streitweirer, A. J .  Am. Chem. Soc. 1988,110,4418. 
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Table I. Effect of Methyl Iodide Charge and Age 
Temperature on Conversion and N-Methylation in 

Methylations of 7 O  
~~ 

final age 
temp 

entw ( O C )  eauiv of Me1 ratio 8:gb % conVnb 
1 -10 3.0 3 99.7 
2 -10 2.0 4 99.7 
3 -10 1.5 12 99.7 
4 -30 1.5 30 99.5 

OAll alkylations run at 0.10 M in amide in THF/cyclohexane 
(41, K.F. < 100 mg/L) with 2.3 equiv of lithium pyrrolidide (-35 
OC, 2 h) followed by Me1 addition and aging (-30 OC, 1 h; warm to 
final age temperature, 20 min, then aqueous quench). b %  Con- 
version = [peak area (8 + 9)/peak area (7 + 2 - e ~ i - 7 ~ ~  + 8 + 9)] X 
100 as determined by HPLC analysis of the crude methylation re- 
action. 

Table 11. Effect of Water and Base Charge on Conversion 
in Methylations of 7 O  

entw IH,01, mdL base eauiv Me1 eauiv % convn 
1 87 2.3 1.5 99.7 
2 199 2.3 1.5 96.5 
3 390 2.3 1.5 78.9 
4 352 3.0 2.2 99.8 
5 <lo0 3.0 1.1 83.6* 

"All alkylations run at 0.10 M in amide in 4 1  THF/cyclohexane. 
Enolization was carried out at -35 O C  (2 h) followed by Me1 addi- 
tion and aging (-30 "C, 1 h; -10 OC, 20 min). bGives 99.8% con- 
version upon addition of 1.1 equiv of MeI. 

duced pressure and silylation of the resulting diol 6 affords 
the protected amide 7 in one pot (99%). Enolization of 
crude 7 with 2.3 equiv of lithium pyrrolidide followed by 
quenching with methyl iodide gives extremely high con- 
version methylations" (99.5-99.7%) to afford 8 (Table I). 
Depending on the excess of methyl iodide present and the 
temperature at final aqueous quenching, varying amounts 
of N-methylated amide 9 are also obtained. It was noted 
that  use of 1.5 equiv of methyl iodide and a final age 
temperature of -10 OC gave an extremely high conversion 
alkylation (99.7% reproducibly) while suppressing the 
formation of large amounts of N-methylamide 9 (entry 3), 
which is advantageous in the hydrolysis step (vide infra). 
Thus with a single charge of 2.3 equiu of lithium pyrro- 
lidide, essentially quuntitative enolization of the hindered 
methylbutyrate side chain is effected at -35 OC. HPLC 
analysis after the methylation step reveals only small 
amounts (1-2%) of products derived from elimination of 
silanol. 

The effects of water and base charge have been studied 
on the conversion in the methylation reaction (Table 11). 
It is apparent from the data that the amount of water 
tolerable in the mixture is greater with a larger excess of 
lithium pyrrolidide, as expected. It should also be noted 
that  some of the methyl iodide is consumed by lithium 
pyrrolidide as indicated by a large excess of base (entry 
5); however, additional excess methyl iodide gives complete 
conversion. 

Deblocking of the silyl ether intermediates 8 and 9 oc- 
curs in one pot. Acid-catalyzed silyl transfer with meth- 
anesulfonic acid in aqueous methanol affords the di- 
hydroxy amides 10 and ll. Direct hydroxide addition to  
the desilylation reaction followed by heating results in 
complete amide hydrolysis to the hydroxy carboxylate form 

of lactone 2. By HPLC analysis, hydrolysis of the tertiary 
amide 11 was approximately twice as slow as the secondary 
amide 10. Remarkably, little if any saponification of the 
ester side chain occurs during the relatively mild amide 
hydrolysis. HPLC analysis of the hydrolysis reaction at 
completion shows levels of 3e (Scheme I, hydroxy acid 
form) that  are typically <2.0%.13 

The product hydroxy acid is efficiently isolated as the 
highly crystalline ammonium salt derivative 12. The 
overall yield from mevinolin (1) to the crystalline synvi- 
nolin derivative 12 is 91%. Lactonization then affords 
synvinolin (2) in 94% yield. 

Experimental Section 
General, HPLC analyses were performed with a Spectra- 

Physics SP8700 solvent delivery system employing a Perkin-Elmer 
C18 3-cm reversed phase column, 3 pm particle size with detection 
at 238 nm in acetonitrile/THF/water buffered with 0.1 M 
NI-I,OAc at 25 "C. Unless otherwise noted, all manipulations were 
carried out under an inert atmosphere of NS gas. In general, 
glassware was not specially dried prior to use. The following 
solvents and reagents were dried over 3A sieves prior to use: THF, 
butylamine, pyrrolidine, DMF; others were used as received. Karl 
Fisher titrations were run on a Brinkman 652 KF coulometer. 

N-Butyl-7-[ 1,2,6,7,8,8a(R )-hexahydro-2(8 ),6(R )-ai- 
methyl-8(S)-[[2(S)-methylbutanoyl]oxy]-l(S )-naphthyl]- 
3(R),S(R)-dihydroxyheptanoic Acid Amide (6). 1 (50.30 g, 
0.124 mol) and n-butylamine (42 mL, 0.42 mol, K.F. C0.1 g/L) 
are combined at 25 O C  and heated to 80 "C for 1 h. The viscous 
solution was then cooled to 25 "C, and the excess butylamine was 
removed at reduced pressure to afford the crude amide 6 as a thick 
gum, 59.4 g (100%): 'H NMR (CDC13, 300 MHz, selected data) 
6 6.16 (bt, J = 5.4 Hz, 1 H), 5.98 (d, J = 9.6 Hz, 1 H), 5.77 (dd, 
J = 6.1, 9.6 Hz, 1 H), 5.50 (bt, J = 3.0 Hz, 1 H), 5.40 (bq, J = 
2.9 Hz, 1 H), 4.79 (d, J = 1.9 Hz, 1 H), 4.19 (m, 1 HI, 3.78 (m, 
1 H), 3.69 (d, J = 2.3 Hz, 1 H), 3.24 (bq, J = 6.6 Hz, 2 H), 1.09 
(d, J = 7.0 Hz, 3 H), 1.07 (d, J = 7.7 Hz, 3 H), 0.92 (t, J = 7.3 
Hz, 3 H), 0.867 (t, J = 7.4 Hz, 3 H), 0.866 (d, J = 6.9 Hz, 3 H); 

128.1,72.3, 69.5, 67.9,42.9,42.4, 41.4,39.0, 37.4,36.2,34.8,32.7, 
31.5, 30.5, 27.4, 26.7, 24.1, 22.8, 20.0, 16.2, 13.8, 13.7, 11.6; IR 

cm-I. 
N-Butyl-7-[ 1,2,6,7,8,8a(R )-hexahydro-2(8 ),6(R)-di- 

met hyl-8( S )-[ [ 2( S )-methylbutanoyl]oxy]- 1 (S )-naphthyl]- 
3(R),S(R)-bis[ (tert-butyldimethylsilyl)oxylheptanoic Acid 
Amide (7). The crude amide 6 from the previous step is diseolved 
in dimethylformamide (132 mL, K.F. <0.1 g/L) at 25 "C. Im- 
idazole (19.59 g, 0.288 mol) and tert-butyldimethylsilyl chloride 
(44.4 g, 0.288 mol) are added, and the mixture is heated at 60 "C 
for 6 h. The mixture is then cooled to 12 "C, anhydrous methanol 
(5.8 mL, 0.143 mol) is added, and the mixture is aged at 10-15 
"C for 30 min. The heterogeneous mixture is then partitioned 
with cyclohexane (1.5 L) and 5% aqueous NaHC03 (750 mL) and 
vigorously agitated. The layers are allowed to separate, and the 
cyclohexane phase is washed successively with 5% aqueous 
NaHC03 (750 mL) and distilled water (750 mL). The cyclohexane 
layer is then concentrated at ambient pressure to a volume of 580 
mL. The concentrated solution is then diluted with sieve-dried 
THF (600 mL, K.F. 0.50 g/L), and then the pot volume is reduced 
to 870 mL while distilling at ambient pressure. HPLC m a y  at 
this point indicatea 86.9 g (99%) of 7 'H NMR (CDC1~,300 MHz, 
selected data) 6 6.39 (bt, J = 5.2 Hz, 1 H), 5.96 (d, J = 9.7 Hz, 
1 H), 5.77 (dd, J = 6.0, 9.7 Hz, 1 H), 5.49 (bs, 1 H), 5.30 (bq, J 
= 2.8 Hz, 1 H), 4.15 (m, 1 H), 3.57 (m, 1 H), 3.24 (m, 2 H), 1.08 
(d, J = 7.0 Hz, 3 H), 1.05 (d, J = 7.4 Hz, 3 H), 0.91 (t, J = 7.3 
Hz, 3 H), 0.88 (a, 9 H), 0.87 (8.9 H), 0.07 (a, 3 H), 0.05 (a, 6 H), 

NMR (CDCl,q,75.5 MHz) 6 176.9,171.8, 133.2, 131.6, 129.4, 

(CHCl3) A, 3600-3300 (b), 3450 (s), 1720,1660,1530,1210,730 

0.04 ( ~ , 3  H); NMR (CDC13, 75.5 MHz) 6 176.2, 170.8, 133.3, 

(11) I Conversion = [peak area (8 + S)/peak area (7 + 2 - e ~ i - 7 ~ ~  + 8 + S)] X 100 as determined by HPLC analysis of the crude methylation 
reaction. 

(12) The 2(R)-methylbutyrate epimer is formed by nonstereoselective 
protonation of the eater enolate during the methylation step. 

(13) The %hydroxy acid present at the end of amide hydrolysis reac- 
tion (1-270) is believed to arise from deacylation during the enoliition 
prior to methylation, lrince essentially no further increaaa in ita level 
(<0.1%) is observed by HPLC upon extended reflux (24 h) of the hy- 
drolysis reaction after complete amide hydrolysis. 
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131.9,129.5,128.3,70.3,67.7,67.2,44.5,43.4,41.4,39.0,37.5,36.5, 
35.4,32.7,31.6,30.8,27.5,26.8,25.9 (3), 25.8 (3), 24.6, 22.8, 20.2, 

A- 3380, 1720, 1660, 1220,840,740 cm-'. 
N-Butyl-7-[ 1,2,6,7,8,8a(R)-hexahydro-2(S),6(R)-di- 

methyl-8( 9)-[ [2$-dimethylbutanoyl]oxy]-l( S )-naphthyl]- 
3(R)$(R)-bis[ (tert-butyldimethylsiyl)oxy]heptanoic Acid 
Amide (8). A solution of sievedried pyrrolidine (25.1 mL, 0.301 
mol, K.F. CO.10 g/L) and THF (192 mL) is cooled to -18 "C. A 
solution of n-butyllithium in hexanes (1.60 M, 181 mL, 0.290 mol) 
is added at such a rate as to keep the temperature below -10 OC 
(approximately 15 min). After the addition is complete, the 
mixture is aged at -20 "C for 15 min. The solution of crude amide 
7 in THF/cyclohexane is cooled to -35 "C. The -20 "C lithium 
pyrrolidide solution is added to the rapidly agitated solution of 
amide 7 at such a rate as to maintain the temperature below -30 
OC at all times during addition. After the addition is complete, 
the mixture is aged at -30 to -35 "C for 2 h, and then methyl 
iodide (12.2 mL, 0.196 mol) is added in one portion. After an initial 
20 "C exotherm, the solution is recooled to -30 "C, aged for 1 h, 
warmed to -10 "C, and aged for 20 min at -10 "C. Water (550 
mL) is added, and the mixture is rapidly agitated for 10 min. The 
phases are separated, and the organic phase is washed with 10 
OC 1 N HCl(550 mL). The resulting organic phase is concentrated 
at  reduced pressure to 20% of the original volume, it contains 
the amide 8: 'H NMR (CDCl,, 300 MHz, selected data) 6 6.39 
(bt, J = 5.4 Hz, 1 H), 5.96 (d, J = 9.7 Hz, 1 H), 5.76 (dd, J = 6.1, 
9.7 Hz, 1 H), 5.47 (bt, J = 2.9 Hz, 1 H), 5.29 (bq, J = 2.9 Hz, 1 
H), 4.17 (m, 1 H), 3.55 (m, 1 H), 3.25 (bm, 2 H), 1.15 (s,3 H), 1.10 
(e, 3 H), 1.05 (d, J = 7.4 Hz, 3 H), 0.91 (d, J = 7.2 Hz, 3 H), 0.88 
(e, 9 H), 0.87 (8, 9 H), 0.84 (d, J = 7.0 Hz, 3 H), 0.82 (t, J = 7.5 

75.5 MHz)  6 177.4,170.7,133.0,131.7,129.5,128.3,70.4,67.8,67.1, 
44.4,43.2,42.8,39.0,37.6,36.4,35.5, 32.8 (2), 31.6, 30.7,27.2,25.9 
(3), 25.7 (3), 24.7, 24.6 (2), 23.0, 20.1, 17.9, 17.8, 13.7, 13.6, 9.3, 
-4.0, -4.4, -4.6, -5.0; IR (CHClJ & 3370,1720,1660,1260,1210, 
840, 735 cm-'. 

N-Butyl-7-[ 1,2,6,7,8,8a(R )-hexahydro-P(S),B(R )-ai- 
met hyl-8( s)-[[ 2J-dimet hylbutanoyl]oxy]- l (S )-napht hyll- 
3(R),S(R)-dihydroxyheptanoic Acid Amide (10). Methanol 
(690 mL) is added to the concentrated crude solution of amide 
8 followed by water (45.7 mL) and methanesulfonic acid (1.5 mL, 
0.023 mol). The resulting solution is aged at 30 "C for 5 h. At 
the end of the age period desilylation is complete to the diol-amide 
10 'H NMR (CDCl,, 300 MHz, selected data) 6 6.14 (bt, J =  5.3 
Hz, 1 H), 5.98 (d, J = 9.6 Hz, 1 H), 5.77 (dd, J = 6.1, 9.6 Hz, 1 
H), 5.49 (bt, J = 2.9 Hz, 1 H), 5.41 (bq, J = 2.9 Hz, 1 H), 4.20 
(m, 1 H), 3.78 (m, 1 H), 3.25 (bq, J = 6.8 Hz, 2 H), 1.12 (a, 3 H), 
1.11(s,3H),1.09(d,J=7.4Hz,3H),0.92(t,J=7.2Hz,3H), 
0.86 (d, J = 7.1 Hz, 3 H), 0.82 (t, J = 7.4 Hz, 3 HI; '*C NMR 

69.5,68.1,43.0, 42.9, 42.4, 39.0, 37.7, 36.0, 34.7, 33.0, 32.9, 31.5, 

A, 3600-3300 (b), 3450 (a), 1710, 1660, 1220, 735 cm-'. 
6(R)-[2-[8(S)-[ [2,2-Dimethylbutanoyl]oxy]-2(S ),6(R )- 

dimethyl- 1,2,6,7,8,8a(R )-hexahydro-l(S)-naphthyl]ethyl]- 

18.0,17.9,16.0,13.8,13.75, 11.9, -4.0, -4.4, -4.6, -4.9; IR (CHClS) 

Hz, 3 H), 0.08 ( ~ , 3  H), 0.06 (8,6 H), 0.05 ( ~ $ 3  H); 'Bc NMR (CDCl,, 

(CDCl,, 75.5 MHz) 6 178.2, 171.8, 133.0, 131.5, 129.4,128.2,72.2, 

30.4, 27.2, 24.7, 24.6,24.1,23.0,20.0, 13.8, 13.6,9.2; IR (CHC1,) 

4(R)-hydroxy-3,4p,s-tetrahydro-2a-py~-2~ne (2). To the 
crude solution of amide 10 from the previous step is added 2 N 
NaOH (373 mL) at 25 "C, and the solution is heated while dis- 
tillate is collected at ambient pressure. The distillation ia con- 
tinued until the vapor temperature is 72-73 "C and the pot 
temperature is 78-80 "C. At this point, collection of distillate 
is discontinued and the solution is aged at reflux for 2 h and then 
cooled to 40 OC. The pressure is reduced, and the solution is 
concentrated to remove most of the methanol. The heterogeneous 
mixture is then diluted with distilled water (228 mL) and cooled 
to 10 "C while adjusting the pH to 6-7 with 3 N HCl. Ethyl 
acetate (990 mL) is added, and the pH is further adjusted to 5.0 
with 3 N HCl. After agitation, the phases are allowed to settle 
and are separated, and methanol (225 mL) is added to the ethyl 
acetate layer. Aqueous ammonium hydroxide/methanol(l:3, 75 
mL) solution is added over a l-h period; the mixture is then 
warmed to 45 "C, aged for 15 min, and cooled to -10 "C over 2.5 
h. After aging at -10 OC for 1-2 h, the crystals of ammonium salt 
are filtered, washed with cold EtOAc/MeOH (3.51) solution, and 
dried overnight at 35 "C to afford 51.37 g (90.9% overall from 
mevinolin) of ammonium salt 12 at 98.9% weight purity by 
quantitative HPLC analysis. Recrystallization from acetonitrile 
yields an analytically pure sample. Anal. Calcd for CSHUOeN: 
C, 66.20; H, 9.55; N, 3.09. Found C, 66.16; H, 9.66; N, 2.88. The 
crude ammonium salt is suspended in toluene (1.03 L) and heated 
at 100 O C  with a nitrogen sweep for 6 h. The solution is then 
cooled to 25 OC, and Darco KB (2.5 g) is added. The mixture is 
agitated at 25 "C for 30 min, filtered thru Celite, and concentrated 
to a thick oil at reduced pressure. Cyclohexane (140 mL) is added, 
and the solution again is concentrated. Cyclohexane (600 mL) 
is added, and the heterogeneous mixture is heated to reflux until 
all material has dissolved. The mixture is cooled to 10 "C, aged 
for 1 h, filtered, and washed with 250 mL of cold cyclohexane. 
The crystals are dried under vacuum at 30-35 "C to afford 44.6 
g (94.2%) of 2. Recrystallization from methanol/water yields 
analytically pure material: 'H NMR (CDCl,, 250 MHz, selected 
data) 6 5.98 (d, J = 9.6 Hz, 1 H), 5.77 (dd, J = 6.0,9.6 Hz, 1 H), 
5.50 (bt, J = 3.0 Hz, 1 H), 5.35 (m, 1 H), 4.62 (m, 1 H), 4.36 (m, 
1 H), 2.92 (m, 1 H), 2.77-2.57 (AB of an ABX, J = 17.6 Hz, 2 HI, 
1.12 (8, 3 H), 1.11 (8, 3 H), 1.08 (d, J = 7.4 Hz, 3 H), 0.88 (d, J 

MHz) 6 177.9, 170.4, 132.8, 131.5, 129.6, 128.3, 76.4, 68.1, 62.5, 
43.0, 38.6, 37.6, 36.6, 36.1, 33.0, 32.9, 30.6, 27.2, 24.7, 24.3, 23.0, 
13.9,9.3; IR (CHClJ A- 3600 (a), 3550-3350 (b), 2970,1730-1715 
(b), 1210,1165 cm-'. Anal. Calcd for C,H,O,: C, 71.74; H, 9.15. 
Found C, 71.97; H, 9.26. 
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= 7.0 Hz, 3 H), 0.82 (t, J = 6.8 Hz, 3 H); "C NMR (CDCl,, 66.9 


